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ABS TRACT 

It i s  shown t h a t  3- s h u t t l e  orbiter can be s i z e d  f o r  
h igh  energy miss ions ,  i n  p a x t i c u l m  , miss ions  from low E a r t h  
o r b i t  to synchronous e q u a t o r i a l  o r b i t  o r   OW l u n a r  pa rk ing  
o r b i t  and r e t u r n .  Aerodynamic brzking  gives a clear  advantage 
over pu re ly  p ropu l s ive  reusable  v e h i c l e s  such as t h e  LM/R 
space  tug .  T o  improve mass f r a c t i o n  and reduce t o t a l  launched 
weight ,  a v e r t i c a l  l and ing ,  b a l l i s t i c  v e h i c l e  i s  p r e f e r r e d  
o v e r  an  @ @ a j - r c r a f t  t y p e "  l a n d e r .  I n  t h i s  ca.se, t h e  vehi-cle 
i s  p o t e n t i a l l y  u s e f u l  as a s h u t t l e  from lunar park ing  o r b i t  
t o  t h e  s u r f a c e  as well. 

b 

3 

This  class of v e h i c l e  appears  worthy of s tudy ,  
p a r t i c u l a r l y  i n  an evolu t ionary  program. 
v e l o c i t y ,  f o r  i n s t a n c e ,  i s  n o t  unreasonable  i f  e a r l y  s h u t t l e s  
have r e p l a c e a b l e  h e a t  s h i e l d s .  The m u l t i p l e  u se  of the 
vehicle.  keeps a complete c i s l u n a r  c a p a b i l i t y  f o r  manried 
f l j -ght  pendi-ng t h e  developroent of more special j .zed vcli~.cl. es. 
Before t h e  space s t a t t o n ,  the s h u t t l e  CBiI be used  i n  Ea r th  
orhit t o  suppor-"c a c t i v i t i e s  such as s a t e l l i t e  launch and 
up-down payloads which a r e  n o t  readily fe iasible  for Skylab. 

The h i g h e r  e n t r y  
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E q u a t o r i a l  Orb i t  and Deboost 

MEMORANDUM FOR F I L E  

Previous s tudj-es have examined l u n a r  m i s s  ions f o r  
s h u t t l e  v e h i c l e s  and found them f e a s i b l e ,  though less e f f i c i e n t  
f o r  d e l i v e r i n g  l u n a r  payload t h a n ,  f o r  i n s t a n c e ,  a nuc lea r  
s t a g e .  T h i s  memorandum sugges ts  t h a t  such h igh  energy s h u t t l e s  
deserve  f u r t h e r  s tudy ,  s i n c e  i t  appears t h a t  i n  a low budget  
program, an  opt imized s h u t t l e  orbiter-expend.able b o o s t e r  com- 
b i n a t i o n  could o f f e r  a. complete, c i s l u n a r  manned space  f l i g h t  
c a p a b i l i t y  pending t h e  development of space t u g ,  n u c l e a r  
s t a g e ,  and space s t a t i o n .  

I n  c u r r e n t  NASA s t u d i e s ,  t h e  second s t a g e  s h u t t l e  
o r b i t e r  i s  a h igh  l i f t  t o  drag r a t i o ,  l i f t i n g  body wi th  a 
payload of about 5 0 , 0 0 0  lbs. t o  low o r b i t .  Recent work a t  
Bellcomm and elsewhere has considered a v a r i e t y  of a l t e r n a t e  
c o n f i g u r a t i o n s .  This l e a d s  one to ask whether t h e r e  a r e  
a l so  a l t e rna te  miss ions .  A second s t a g e  s h u t t l e  o rb i t e r  
must provide a AV of perhaps 18,000 f t / s ec ,  d e l i v e r  payload 
i n  E a r t h  o r b i t ,  d e b o o s t , d i s s i p a t e  .the 2 5 , 0 0 0  f t /sec of v e l o c i t y  
by aerodynamic brzking  and Land. If a f u l l y  f u e l e d  o r b i t e r  can 
be p laced  i n  Ea r th  o r b i t ,  t h e  performance requirements  f o r  high 
energy missions are of t h i s  same o r d e r .  

i Table I I 

I f t%c I 
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1 1 I 
I c 1 Q 1 6 , O O O  1 E a r t h  O r b i t  t o  Low Lunar Park ing  O r b i t  

and Trans-ear th  I n j e c t i o n  I II1 I 



I n  ea-ch case the r e t u r n  i s  by aero brc??cincj e i t h e r  t o  
E a r t h  or  by cpocjee k ick  t o  low, circul.ar Earth o r l i t .  Because 
of t h e  h igh  s t r u c t u r e  weight of l i f t i n g  body vehiclcs, these 
miss ions  would r e q u i r e  d e l i v e r y  of substantial an~oun’cs of f u e l  
t o  E a r t h  o r b i t .  Therefore, a b z l l i s t i c  entry v e h i c l e  which 
lands v e r t i c a l l y  would be preferred. 
ear th  l and ing  is perhaps a thousand feet p e r  second a d d i t i o n a l .  
Given a propulsj-ve , v e r t i c a l  J-a.ndesc, a fouridi possiJ2l.e r t i iss ion 
can be considered:  
l u n a r  s u r f a c e  and r e t u r n .  

Propulsion for v e r k i c a l  

a LM/B t y p e  s h u t t l e  froin l u n a -  o r b i t  t o  

Table I1 

The h i g h  energy s h u t t l e  requires c7, h e a t  shield fo r  t h e  h ighe r  
e n t r y  v e l o c i t y  of 36 ,000  f t / sec ,  and would necd more heat s h i e l d  
re furb is lu~ient  t han  c u r r e n t  s h u t t l e  concepts .  

A pre l imine ry  s i z i n g  a n a l y s i s  has h e n  performed. 

Eo par-t;r;ietric a n a l y s i s  has  
Mission p r o f i l e s  are sketched i n  F i g u r e s  I aiid 2 ,  and the 
r e s u l t s  arc shomi i n  Table 111. 
been made. 
was assunacd 150,000 lbs., c o n s i s t e n t  with inse!,-tion to o r b i t  
by an S-IVB-solid rocket motor vehicle. I? propellant f r a c t i o n  
( t h e  r a t i o  of p r o p e l l a n t  weight t o  gross weight excluciing 
payload) of 0 .80  was assumed. T h e  engine is assumed a h igh  
chamber pressure hydrogen a2:ygcn engine of s p e c i f i c  iirzpulse 
460 seconds.  The round t r i p  t o  lunna- orbit was the s2zing 
mission w i t h  a t o t a l  hV of about 1 7 , 2 0 0  ft/sec. 
r a t i o  for th i s  mission i s  3.2 t o  1. 
v e h i c l e  i s  about 2 6 , 0 0 0  lbs. a i d  the round t r i p  p:>.ylond i s  
21,000 lbs .  

The gross  v;cight  0:: the vchicl c incluiliiig p c y l o d  

The mass 
T h e  inert weight 02 the 

As sw,marizsd. i n  T a b l e  1x1, this vehicle carries a 
10,000-lb. pay-l.oad on t h e  round t r i p  t o  synchronous o rb i t .  
Used as a second stage ca r ry ing  2 1 , 0 0 0  Ibs. t o  E a r t h  o r b i t ,  
a s i n g l e  solid r o c k e t  motor is requi red ;  a 5-seg~nent, l56-inch 
s o l i d  rocke t  motor weighlng 1 . 6  14 l b s .  appears t o  be adequate .”  
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The l u n a r  s u r f a c e  mission of Table  TI1 ca.rrl'.es over 
9 , 0 0 0  lhs. of payload t o  thc l u n a r  s u r f a c e  and rekirn. The 
v e h i c l e  i s  s t o r e d  i n  l u n a r  o r b i t  and. r e q u i r e s  t w o  l o g i s t i c s  
f l i g h t s  t o  b r i n y  t h e  crew and r e - f u e l  it. Return t o  E a r t h  i s  
by LOR wi th  one l o g i s t i c s  v e h i c l e .  A dua l  mission -- o r b i t a l  
t a n k e r  and l a n d e r ,  both r e tu rned  t o  E a r t h  -- is marg ina l ,  b u t  
might w e l l  be  a p r e f e r r e d  mode for  opt imized v e h i c l e s  and 
t ra jector ies .  

These numbers are i n t r i g u i n g  enough t o  war ran t  
f u r t h e r  s tudy .  I t  appears  t h a t  a vigorous manned space f l i g h t  
program could  be pursued f o r  s e v e r a l  yea r s  on t h e  basis of a 
s i n g l e  major development p lus  t h e  q u a l i f i c a t i o n  of t h e  lov  
cost  b o o s t e r s .  The l u n a r  k a p a b i l i t y  i s  s u b s t a n t i a l  compared 
w i t h  ApoZlo. Funct ions such a s  s a t e l l i t e  s e r v i c i n g ,  i f  d e s i r a b l e ,  
could  be pursued i n  any c i s l u n a r  o r b i t  and t h e  f l i g h t  of up-down 
payloads t o  low e a r t h  o r b i t  would provide  exper ience  wit.h a t ype  
of manned space flight payload. not f ea - s ib l e  i n  the Skylab Program. 
Impor tan t  t e c h n i c a l  requirements 011 the  s h u t t l e  beyond those now 
cons idered  are t h e  h igh  v e l o c i t y  e n t r y ,  a longer  a c t i v e  l i f e  -- 
t i m e s  of  up t o  a month are probably r e q u i r e d  f o r  meaningful l u n a r  
and l o w  e a r t h  o r b i t  missions -- and a requirement  f o r  p a s s i v e  
orbital s t o r a g e .  
a t t r ac t ive  and t h e  l u n a r  s u r f a c e  miss ion  i s  f e a s i b l e  only  i n  t h e  
case of a b a l l i s t i c ,  v e r t i c a l  l and ing  v e h i c l e .  

I n  a d d i t i o n ,  t h e  launched weights  are more 

A t t a c h n e n t s  
F i g u r e s  1 and 2 
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